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INTRODUCTION 

This  supplement  to  NWC  TP  7019  documents  what  is  known  about  the  isotope 
geochemistry  of  groundwaters  in  Indian  Wells  and  Rose  Valleys,  the  local  Sierran 
groundwaters  and  surface  waters,  and  thermal  and  nonthermal  waters  of  the  Coso  Range, 
based  on  studies  by  the  NWC  Geothermal  Program  Office  on  the  groundwater  hydrology 
of  these  areas.  Results  of  chemical  studies  are  given  in  Volumes  1  and  2  of  this  report. 
General  data  on  the  geography  and  geology  of  the  study  area  are  given  in  Volume  1. 

Isotope  geochemistry  is  another  tool  that  may  provide  additional  knowledge  of 
sources  and  flow  paths  of  groundwater  and  their  changes  with  time.  Definitions  and  theory 
are  given  in  the  following  section. 


ISOTOPES 

In  a  gross  sense,  atoms  of  an  element  are  made  up  of  three  particles — protons, 
electrons,  and  neutrons.  The  electrical  charge  of  protons  is  positive,  and  that  of  electrons  is 
negative.  Neutrons  have  no  electrical  charge.  The  number  of  protons  determines  what 
element  an  atom  is  and  gives  it  its  atomic  number.  In  a  neutral  or  nonionized  atom  the 
number  of  electrons  equ^s  the  number  of  protons.  The  most  common  form  of  the  element 
carbon  is  given  an  arbitrary  weight  of  12.00.  It  consists  of  six  protons,  six  electrons,  and 
six  neutrons.  Protons  and  neutrons  each  have  a  weight  of  one.  Electrons  are  essentially 
weightless.  Within  limits,  the  number  of  neutrons  in  an  atom  of  an  element  may  v^. 
Thus,  there  are  carbon  atoms  with  weights  of  10,  11,  12,  13,  and  14.  These  varying 
weights  of  carbon  are  called  isotopes  of  carbon. 

Water  is  composed  of  two  elements,  hydrogen  (H)  and  oxygen  (O)  combined  as 
H2O.  There  are  hydrogen  atoms  with  a  weight  of  one  (normally  just  called  hydrogen),  two 
(commonly  called  deuterium  (D)),  and  three  (commonly  called  tritium  CD).  Tritium  is 
radioactive.  Hydrogen  one  and  deuterium  are  stable.  All  hydrogen  isotopes  occur  naturally. 
Oxygen  has  isotopes  with  weights  of  15,  16,  17,  18,  and  19.  Oxygen  16,  17,  and  18  are 
stable  and  occur  naturally.  Hydrogen,  deuterium,  and  oxygen  16  and  18  are  the  isotopes 
used  in  this  study.  The  isotope  ratios  were  determined  by  Ae  U.S.  Geological  Survey;  by 
the  Geology  and  Geophysics  Department,  University  of  Utah  for  the  Eastern  County 
Resource  Conservation  District  (EKCRCD);  and  by  the  Stable  Isotope  'laboratory. 
Southern  Methodist  University,  for  the  (California  Energy  Company. 


PREVIOUS  STUDIES 

The  first  significant  study  of  isotope  geochemistry  of  the  area  was  done  by  the  U.S. 
Geological  Survey  partially  supported  with  Navy  funds.  Fournier  and  Thompson  (1980) 
published  the  study  as  an  open-file  report.  Fournier  and  Thompson  sampled  thermal  and 
nonthermal  waters  from  the  Coso  Range,  Diny  Socks  Hot  Spring,  and  springs,  wells,  and 
surface  waters  from  Rose  Valley,  and  from  Big  Kne  Meadow  north  to  Wild  Rose  Ranch 
(formerly  the  Sam  Lewis  Ranch)  in  the  Sierra.  Waters  were  also  sampled  from  selected 
wells  at  NWC.  Fournier  and  Thompson  concluded  that  the  recharge  of  the  Coso 
Geothermal  Field  is  derived  from  the  portion  of  the  Sierra  Nevada  generally  to  the  west  of 
the  Coso  Range. 
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The  EKCRCD  supported  the  geochemical  and  isotope  studies  of  waters  of  Indian 
Wells  Valley  conducted  by  the  Department  of  Geology  and  Geophysics,  University  of 
Utah.  With  EKCRCD  permission,  the  results  of  the  geochemical  studies  were  included 
with  the  results  of  Navy  studies  in  Volumes  1  and  2  of  this  technical  report.  The  results  of 
the  isotope  studies  were  presented  to  the  EKCRCD  by  Bowman  (1988)  in  an  unpublished 
report.*  Bowman  reported  on  surface  waters  and  well  and  spring  waters  from  the  Sierra 
from  Nine  Mile  C!anyon  to  Freeman  Canyon  and  from  various  wells  in  the  Indian  Wells 
Valley.  One  well  was  sampled  in  Searles  Valley.  Bowman  concluded  that  without  seasonal 
sampling  of  precipitation  at  selected  sites  in  the  Sierra  and  Indian  Wells  Valley,  and  without 
better  Imowledge  of  the  depths  from  which  various  wells  were  producing,  it  was  not 
possible  to  identify  specific  areas  of  recharge  for  individual  wells  in  Indian  Wells  Valley. 
However,  he  noted  that  a  geothermal  component  is  present  in  the  Red  Hill-Little  Lake- 
Lumber  ^U-Brown  Road  waters  (warm  springs  occur  in  Little  Lake). 

As  part  of  their  continuing  studies  of  the  Coso  Geothermal  Field,  California  Energy 
Company,  the  operator  of  the  field,  has  had  isotope  determinations  made  on  23  water 
samples  from  16  wells.  The  California  Energy  Company  has  given  the  Navy  permission  to 
utilize  its  data  in  this  study. 

Williams  and  McKibbin  (1990),  using  the  data  of  the  Clalifomia  Energy  Company 
and  new  data,  have  written  a  voluminous  paper  in  which  they  interpret  all  chemical  and 
isotopic  data  available  on  the  Coso  Geothermal  Field.  They  preferred  to  conclude  that  the 
recharge  of  the  Coso  Geothermal  system  could  be  rainfall  and  snowfall  in  the  Coso  and 
Argus  Ranges.  They  also  noted  that  the  pattern  "could  indicate  recharge  from  any  nearby 
region  of  similar  overall  elevation."  Thus,  their  data  were  not  absolutely  definitive  as  to  the 
area  of  recharge  for  the  Coso  Geothermal  Field.  They  also  concluded  that  the  oxygen 
isotope  ratios  indicated  "a  high  degree  of  water-rock  interaction  at  high  temperatures  and 
moderate  water/rock  ratios."  They  postulate  leakage  of  geothermal  fluids  into  Coso  Wash 
in  the  vicinity  of  the  resort  area  (see  page  34  Volume  1).  Sulfur  isotopes  are  concordant 
with  those  of  the  granitic  Sierran  host  rocks  and  indicate  little  if  any  sedimentary 
contribution.  They  noted  that  "oxidized  and  reduced  sulfur  are  far  from  equilibrium  at 
reservoir  conditions.  This  implies  very  recent  mixing  and/or  disequilibrium  production  near 
to  or  within  the  reservoir."  They  also  conclude  that  carbon  isotope  ratios  are  concordant 
with  gases  of  igneous  or  clastic  sedimentary  rocks  but  that  there  is  no  significant 
contribution  of  organic  or  marine  carbonate  carbon.  They  noted  that  there  are  two  areas 
with  steam  caps;  and  from  chemical  data,  concluded  that  there  are  regional  differences  in 
the  source  rocks  and  that  convective  mixing  is  slower  than  the  processes  creating  the 
differences. 

Buchanan  (1989)  proposed  a  theory,  based  on  isotopic  evidence,  that  recharge  of 
geothermal  systems  in  Utah  and  Nevada  comes  from  "Paleo-fluid  (Pleistocene  -  8000  to 
12000  years  before  present)  recharge";  this  theory  is  difficult  to  reconcile  with  the  pattern 
of  pluvial  events  that  have  affected  this  region. 

The  purpose  of  this  supplement  to  NWC  TP  7019  is  to  review  available  data  and  to 
determine  what  we  have  learned  from  isotopic  data  to  date  that  may  be  of  local  significance. 


*  Bowman,  J.  R.  1988.  Stable  Isotope  Analysis  of  Ground  Waters  of  Indian  Wells  Valley  and  Vicinity 
-  Preliminary  Results.  Unpublished  Report  to  EKCRD.  7  p. 
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DISCUSSION 

Fournier  and  Thompson  (1980)  give  a  good  but  simple  discussion  of  isotopic 
fractionation  in  waters. 

The  concentrations  of  the  stable  isotopes  of  oxygen  and  hydrogen  in 
water  are  generally  expressed  in  terms  of  and  5D,  where 


(I8O/I6Q)  sample  -  (l^O/l^Q)  standard 

0  C/  ““  y  1  /I J  J  ^  lUUU 

(I80/16O)  standard 
and 


(1) 


_  (D/H)  sample  -  (D/H)  standard 
“  (D/H)  standard 


X  1000 


and  the  standard  is  usually  mean  ocean  water  (SMOW).  Craig  (1961)  found 

that  on  a  plot  of  6D  vs  meteoric  waters  from  throughout  the  world  lie 
close  to  a  straight  line  given  by  the  equation. 


(2) 


5D  =  85180  +  10  (3) 

This  straight-line  relationship  comes  about  because  ocean  water  is  the 
source  of  most  of  the  water  vapor  that  precipitates  over  landmasses.*  When 
ocean  water  evaporates,  the  lighter  isotopes  of  oxygen  and  hydrogen  arc 
preferentially  partitioned  into  the  vapor  phase.  Because  the  reservoir  of 
ocean  water  is  very  large  compared  to  the  amount  of  water  vapor  in  the 
atmosphere  at  any  given  moment,  and  because  most  rain  water  eventually 
returns  to  the  ocean,  the  isotopic  composition  of  the  ocean  remains  relatively 
constant  Over  long  periods  of  time,  however,  there  arc  small  but  significant 
changes  in  the  isotopic  composition  of  ocean  water  as  the  amount  of  water 
tied  up  in  polar  ice  caps  changes.  When  and  where  the  water  vapor 
condenses  and  precipitates,  the  heavier  isotopes  in  the  vapor  partition 
preferentially  into  liquid  droplets  (rain)  and  ice  (snow).  This  leaves  the 
remaining  vapor  relatively  depleted  in  D  and  I80  so  that  the  last  rain  that 
falls  from  a  given  initial  quantity  of  vapor  will  be  isotopically  lighter  than 
the  first  rain  that  falls  from  that  vapor.  The  partitioning  or  B-actionation  of 
light  and  heavy  isotopes  between  vapor  and  liquid  is  also  temperature 
dependent:  the  lower  the  temperature  of  the  reaction,  the  greater  the 
fractionation.  The  processes  that  control  the  concentrations  of  stable 
isotopes  in  precipitation  are  presented  by  Dansgaard  (1953,  1964),  Ehhalt 
and  others  (1963),  Friedman  and  others  (1964),  Craig  and  CJordon  (1965), 
and  Stewart  and  Friedman  (1975).  The  net  result  of  ^ese  processes  is  that 
rain  water  falling  from  a  given  storm  becomes  isotopically  lighter  as  the 
storm  moves  inland,  and  rain  (or  snow)  that  forms  at  colder  temperatures 
(high  elevations  and  latitudes  closer  to  the  poles)  is  lighter  than  rain  that 
forms  at  higher  temperatures.  Although  the  isotopic  composition  of  rain  that 
falls  in  a  given  region  will  be  different  for  each  storm,  the  average  over  a 


*  This  assumption  could  easily  founder,  however,  on  the  problems  of  "lake  effects"  given  major  stands 
of  water  in  the  San  Joaquin  Valley,  either  fresh  or  saline,  and  major  stands  of  water  in  the  basins  east  of  the 
Siena  during  the  past  14  identified  pluvial  events  (Whelan  footnote). 
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long  period  of  time  remains  relatively  constant  The  isotopic  composition  of 
ground  water  reflects  that  average. 

Smith  and  others  (1979)  measured  the  deuterium  concentrations  in  rain 
and  snow  at  26  stations  in  California  and  Nevada  during  the  exceptionally 
wet  1968-69  season.*  They  showed  that  the  winter  precipitation  upon  the 
Sierra  Nevada  was  isotopically  slightly  lighter  than  the  summer  and  fall 
precipitation  on  the  nearby  Mojave  Desert.  Most  of  the  Sierra  ground  water 
recharge  comes  from  winter  storms  moving  generally  from  west  to  east.** 

These  winter  storms  drop  most  of  their  moisture  before  reaching  the  Coso 
Range.  In  contrast,  most  of  the  Coso  Range  recharge  is  from  large,  but 
infrequent  tropical  storms  that  come  from  the  south.  On  the  basis  of  these 
data,  we  expected  the  isotopic  composition  of  the  normal,  non-thermal 
ground  water  in  the  vicinity  of  the  (I!oso  geothermal  field  to  be  different 
from  the  isotopic  composition  of  nearby  Sierran  waters.  The  purpose  of  the 
present  study  was  to  determine  if  variations  in  isotopic  composition  of 
ground  waters  in  the  region  around  Coso  indicate  whether  the  recharge  for 
the  Coso  geothermal  system  comes  from  precipitation  on  the  Sierra  Nevada 
or  from  local  precipitation  at  Coso. 

More  detailed  explanations  are  given  by  Faure  (1986,  Chapter  2),  O’Neil;  Cole  and 
Ohmoto;  Gregory  and  Criss;  and  Sheppard  (all  1986). 

Fournier  and  Thompson  (1980)  sampled  waters  of  the  Sierra,  Rose  Valley,  and 
thermal  and  nonthermal  waters  of  the  Coso  Range  in  addition  to  some  miscellaneous 
waters.  At  that  time  there  were  only  two  sites  at  which  Coso  reservoir  waters  could  be 
sampled:  well  Coso  No.  1  in  the  resort  area  (samples  CF-79-1  and  CF-79-2)  and  Coso 
Geothermal  Exploration  Hole  No.  1  (CGEH  No.  1)  (samples  CC-77-4  and  CF-78-1). 

Both  the  waters  of  the  Sierra  and  the  nonthermal  waters  of  the  Coso  Range  have 
isotope  ratios,  which  on  a  plot  of  isotope  ratios,  plot  close  to  the  meteoric  line  (Figure  1). 
The  waters  from  each  locality  occupy  distinct  fields  on  the  plot  with  no  overlap.  The  Coso 

waters  have  less  negative  5D  values  and  generally  less  negative  5^*0  values  than  do  the 
Sierran  waters. 

Oxygen  is  much  more  abundant  than  is  hydrogen  in  rock-forming  minerals. 
Therefore,  when  meteoric  waters  react  with  hot  rocks,  oxygen  exchange  dominates;  and  on 
a  standard  isotope  ratio  plot  the  shift  is  away  from  the  meteoric  line,  essentially 

horizontally,  with  values  becoming  less  negative.  The  magnitude  of  this  horizontal 

shift  increases  with  temperature,  but  depends  also  on  the  value  of  the  rocks  and 
residence  time  of  water  in  a  given  reservoir  (Faure  1986,  pp.  450-51).  The  CGEH  No.  1 

waters  are  horizontally  displaced  toward  less  negative  5^^  values  from  the  area  containing 
the  Sierran  waters.  The  deep  Coso  No.  1  water  lies  horizontally  away  from  the  Coso 
nonthermal  waters,  which  could  indicate  all  or  some  local  recharge.  However,  all  four 
points  (the  two  CGEH  No.  1  samples  and  the  Coso  No.  1  deep  and  shallow  waters)  lie  on 
a  line  with  a  positive  slope  of  about  50  degrees.  This  could  be  an  evaporative  effect  line 
(see  Figure  1).  Fournier  and  Thompson  (1980)  feel  that  the  shallow  Coso  No.  1  sample 


*  This  was  a  westerly  storm  series  (Whelan  footnote). 

**  This  assumption  requires  much  more  analysis,  as  the  position  of  the  Pacific  High  determines  the 
temperature  of  storms  and  their  direction.  Thus,  some  winters,  especially  very  wet  ones,  present  a  totally 
different  weather  pattern  that  would  affect  isotope  ratios  (Whelan  footnote). 
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represents  the  deep  Coso  No.  1  water  affected  by  evaporation.  The  chemistry  of  Coso 
No.  1  deep  and  the  CGEH  No.  1  samples  strongly  suggest  that  they  are  the  same  water. 
Thus,  Fournier  and  Thompson  concluded: 

The  6D  value  of  CGEH  No.  1  water  supports  the  view  that  recharge  for 
the  hydrothermal  system  comes  from  the  Sierra  Nevada  to  the  west  and  that 
little  or  no  component  of  the  recharge  comes  from  the  Coso  Range. 
However,  the  data  do  not  rule  out  the  possibility  that  recharge  is  a  mixture 
of  isotopically  light  Sierra  water  from  the  north  with  some  isotopically 
heavy  locally  derived  Coso  Range  water.  The  isotopic  data  do  show  that 
recharge  for  the  CGEH  No.  1  dermal  water  could  not  be  from  locally 
derived  ground  water,  nor  could  it  be  from  Owens  Lake  which  is 
isotopically  very  heavy  because  of  extensive  evaporation  (Friedman  and 
others,  1976). 

In  1986  Rob  Baskin  and  David  Turner,  both  University  of  Utah  graduate  students, 
sampled  springs,  wells,  and  surface  waters  for  chemical  and  isotope  analyses,  respectively. 
Unfortunately,  while  collecting  samples  independently,  their  sampling  numbering  system 
became  confused.  Table  1  shows  how  their  numbering  systems  correlate.  The  sample 
numbers  of  Baskin  are  used  on  the  chemical  analyses  published  in  Volume  2  of  this 
technical  report  (Appendix  E).  The  University  of  Utah  study  was  supported  by  the 
EKCRCD.  The  chemical  studies  were  incorporated  into  Volume  1  of  this  technical  report. 
The  results  of  the  isotope  study  were  furnished  to  the  EKCRCD  in  an  unpublished  report 
by  Dr.  John  R.  Bowman,  Professor  of  Geology,  University  of  Utah.  Table  1  gives  the 
results  of  his  analyses. 

Baskin  and  Turner  sampled  alpine  waters  from  the  crest  and  eastern  flank  of  the 
Sierra  from  Kennedy  Meadows  south  to  Walker  Well  in  Freeman  Canyon.  The  overlap  of 
the  sampling  sites  of  Baskin  and  Turner  and  Fournier  and  Thompson  allowed  a  comparison 
of  the  results  of  the  two  laboratories.  On  samples  run  by  both  laboratories,  the  results  were 
nearly  identical.  For  isotopic  studies,  some  Navy  wells  were  sampled  for  which  chemical 
analyses  of  the  water  were  not  previously  published  in  this  series.  These  analyses  are  given 
in  Appendix  H. 

The  University  of  Utah  isotopic  analyses  of  alpine  waters  also  fell  along  the  meteoric 
line  on  the  standard  isotope  ratio  plot  but  expanded  the  Sierran  field  considerably 
(Figure  2).  The  Sierran  field  using  Bowman's  data  now  covers  most  of  the  Sierran  field  of 
Fournier  and  Thompson  (1980),  and  the  field  containing  the  nonthermal  waters  of  the  Coso 
Range  (Figure  2).  Thus,  the  isotopes  of  hydrogen  and  oxygen  do  not  uniquely  define  the 
recharge  area  of  the  Coso  geothermal  system  (Figure  3). 
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Whelan  plotted  SD  and  5^^  of  the  alpine  samples  against  the  distance  south  of  Coso 
Junction  (Figures  4  and  5).  Values  of  5D  generally  become  less  negative  as  one  goes  south 

from  Coso  Junction.  Values  of  behave  in  a  similar  manner.  This  systematic  variation 
is  probably  the  result  of  a  combination  of  a  latitude  effect  and  an  altitude  effect  The  average 
elevation  of  the  Sierra  increases  to  the  north  from  Walker  Pass.  This  increase  in  elevation 

will  decrease  the  mean  air  temperature,  which  tends  to  make  the  of  the  precipitation 
(mainly  snowfall)  more  negative.  A  good  discussion  of  the  latitude  and  temperature  effects 
is  given  on  pages  434  and  435  of  Faure  (1986).  In  both  cases  it  was  possible  to  fit  a  linear 
least  squares  (best  fitting;  ’ine  to  the  data  with  good  fits.  The  formulas  for  these  lines  are 

5D  =-107.8  + 0.81m 

r2  =0.72 

5180  =-14.32  +  0.10m, 

r2  =0.66, 

where  m  =  miles  south  of  Coso  Junction  and 

r2  =  regression  coefficient  (0.00  =  no 
correlation;  1.00  =  perfect  correlation) 

The  fact  that  there  is  some  scatter  is  not  surprising.  Samples  were  collected  from 
various  types  of  sources — springs,  wells,  and  streams — and  at  different  elevations  relative 
to  the  ridge  line.  Because  of  this  fact,  regression  coefficients  of  0.66  and  0.72  are 
considered  quite  good.  These  regression  coefficients  would  give  correlation  coefficients  of 
+0.81  and  +0.85,  respectively  (a  -1.00  correlation  coefficient  represents  perfect  correlation 
with  the  line  having  a  negative  slope;  a  +1.00,  perfect  correlation  with  a  positive  slop)e;  and 
0.00,  no  correlation).  If  one  makes  the  assumption  that  the  recharge  areas  for  the  various 
groundwater  types  are  the  Sierra — based  on  sirface  geology,  regional  hydrologic  gradient, 
and  flow  models — then  possible  areas  in  the  Sierra  can  be  assigned  as  recharge  areas  for 
the  various  water  typres  based  on  isotopic  compjosition. 
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TABLE  1.  Hydrogen  and  Oxygen  Isotopic  Compositions  of  Waters, 
Indian  Wells  Valley  and  Vicinity. 

(Modified  from  Bowman,  1988) 


Sample  No. 

5D 

5I8O 

Location 

(Turner) 

1. 

(Baskin) 

IWV  1 

-109 

n 

Kennedy  Meadows  well 

lb. 

-103 

Kennedy  Meadows  surface 

2. 

IWV  18 

-101 

Chimney  Peak  Forest  Service  Fire  Station  well 

3. 

IWV2 

-105 

Genesis  Minerals  well  from  holding  tank 

4. 

IWV3 

-93 

C.  F.  Austin  well 

5b. 

IWV4 

-90 

-11.0 

Hi-Peak  Tungsten  Mine  water 

6. 

rwv5 

-94 

-13.1 

Beckman  Spring 

7. 

rwv6 

-104 

-13.4 

Leroy  Marquardt  well 

8. 

rwv7 

-9i 

-11.8 

John  German  well 

9. 

IWV8 

-99 

-12.9 

Desert  Construction  well 

10. 

-89 

-12.3 

Ben  Widtfeldt  well 

11. 

IWV9 

-93 

-11.2 

Louisiana  Pacific  Lumber  Mill  well 

12. 

IWV  10 

-83 

-10.8 

Sand  Canyon  stream 

13. 

IWV  11 

-89 

-12.5 

Walker  well.  South  Valley 

14. 

IWV  14 

-96 

-13.1 

Gene  Edwards  well 

15. 

IWV  12 

-97 

-12.4 

Little  Lake  Spring,  upper 

16. 

-113 

-15.6 

L.  A.  aqueduct 

17. 

-94 

-10.8 

Little  Lake  surface,  middle 

18. 

-95 

-11.1 

Little  Lake  surface,  lower 

19. 

IWV  13 

-105 

-14.2 

Little  Lake  Ranch  well 

20. 

IWV  15 

-92 

-12.0 

Brown  Rd.  turn  well 

21. 

IWV  16 

-92 

-12.2 

Conrad  Neal  well 

22. 

-102 

-14.0 

Cerro  Coso  Comm.  College  holding  tank 

23. 

-104 

-13.8 

Community  well,  S.  Ridgecrest 

24. 

-95 

-13.5 

Griffin  well,  S.  Ftidgecrest 

25. 

-102 

-13.8 

Charles  Smith  well,  S.  Ridgecrest 

26. 

IWV  17 

-84 

-12.0 

Indian  Wells  Canyon  stream 

27. 

IWV  21 

-89 

-12.2 

Nine  Mile  (2anyon  stream  at  Chimney  Peak 

28. 

-94 

-13.2 

Meadows 

Nine  fdile  Clanyon  stream 

29. 

-88 

-12.4 

Pearsonville  well 

30. 

-98 

-11.5 

Brady’s  Restaurant  well 

31. 

-96 

-13.4 

Navy  w,ll  #18B 

32. 

-97 

-13.4 

Navy  well  #29 

33. 

-92 

-12.7 

Navy  well  #15 

34. 

-99 

-13.6 

Navy  well  #27 

35. 

-95 

-12.5 

Navy  well  #B4 

36. 

-89 

-12.5 

Navy  well  #C 

37. 

-105 

-14.5 

Well  at  Ridgecrest  Blvd.  and  Jack’s  Ranch  Rd. 

38. 

-88 

-11.4 

Well  in  Searles  Valley 
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FIGURE  3.  5D  Vs  5>80  For  Various  Water  Types. 
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FIGURE  4.  6D  Relationship  to  Distance  South  of  Lewis  Ranch  (Alpine  Waters). 
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The  recharge  area  for  the  Rose  Valley  groundwaters  is  shown  in  Figure  6.*  The  Rose 
Valley  recharge  area  would  be  the  western  side  of  the  Sierra  from  about  a  mile  south  of 
Little  Lake  to  about  5  miles  north  of  Coso  Junction.  This  corresponds  almost  exactly  to  the 
geographic  limits  of  the  valley  and  matches  the  listric  fault-slump  pattern  geometry  of  the 
Sieiran  surface. 

From  Red  Hill  in  southern  Rose  Valley,  through  the  springs  and  wells  at  Little  Lake 
to  the  well  at  Linnie  Siding  (the  site  where  the  lumber  mill  used  to  be)  to  where  Brown 
Road  turns  from  north-south  to  east-west,  the  groundwaters  are  complex  but  give 
characteristic  modified  Stiff  Diagrams.  Sodium  is  the  dominant  cation  where  carbonate- 
bicarbonate  and  chloride  are  the  most  significant  anions  (see  pages  32  and  33  cf 
Volume  1).  These  waters  represent  a  mixture  of  alpine  waters  and  a  sm^  amount  of  Coso 
Geothermal  brines.  The  Red  Hill  to  Brown  Road  recharge  would  come  from  the  Sierra  due 
west  of  Red  Hill  south  to  the  Sierra  due  west  of  where  Brown  Road  intersects  U.S. 
Highway  395  (Figure  7). 

The  results  for  the  sulfate  waters  from  two  wells  and  the  Tungsten  Peak  Mine  are  not 
as  definitive  (Figure  8).  Deuterium  data  give  a  rather  limited  recharge  area  between  Short 
Canyon  and  halfway  between  Noname  and  Sand  Canyons,  while  oxygen  isotopes  would 
indicate  the  recharge  area  to  be  from  Nine  Mile  (Tanyon  to  south  of  Freeman  Canyon.  The 
source  of  the  sulfate  is  thought  to  be  oxidation  of  sulfides  from  the  high  sulfide  calc-silicate 
homfels  in  the  Morris  Peak-Chimney  Peak  area,  the  large  pyritic  breccia-pipe  in  upper 
Sand  Clanyon,  and  the  skam  of  the  Tungsten  Peak  Mine.  In  this  case,  the  deuterium  results 
are  thought  to  best  represent  the  probable  recharge  area.  The  oxygen  isotope  ratios  may  be 
more  affected  during  the  oxidation  of  sulfides  than  are  the  hydrogen  isotope  ratios, 
although  the  latter  may  be  affected  some  by  the  formation  of  hydroxyl  during  the  oxidizing 
processes.  Chemical  data  on  the  waters  of  the  Tungsten  Peak  Mine  and  IWV  well  3  are 
given  on  pages  30,  31,  36,  and  37  of  Volume  1  of  this  technical  report;  and  on  pages  10 
through  13  of  Volume  2.  TTie  other  well  producing  sulfate  waters  is  about  3-1/2  miles  east- 
northeast  of  IWV  well  3. 

Figure  9  shows  possible  Sierran  recharge  areas  for  the  Navy  Wells  that  were  sampled 
for  isotope  analysis  and  the  well  locations.  Other  data  are  given  in  Table  2. 

Again  the  areas  of  recharge  as  determined  by  the  isotope  ratios  of  the  two  elements 
vary,  but  do  have  a  large  area  of  overlap.  The  deuterium  data,  which  give  a  recharge  area 
from  Five  Mile  Canyon  to  Indian  Wells  Canyon,  seems  reasonable.  The  oxygen  isotope 
ratios,  which  give  a  recharge  area  fiom  Five  Mile  (Danyon  to  just  south  of  Little  Lake,  may 
show  the  influence  of  Red  Hill-Brown  Road  waters  mixing  with  Sierran  waters. 

The  south  Ridgecrest  waters  do  not  have  isotope  compositions  that  give  reasonable 
Sierran  recharge  areas,  perhaps  because  of  recharge  tom  the  El  Paso  Mountains  confusing 
the  issue,  or  because  of  geothermal  and  connate  fluids  flowing  tom  the  Sierra  (a  source 
south  of  Walker  Pass  or  upward-dwelling  local  thermal  zones). 


*  Although  Figures  6  through  10  show  only  the  eastern  edge  of  the  Sierra,  recharge  could  occur 
completely  across  the  Sierra,  and  probably  much  of  the  recharge  comes  from  west  of  the  crest  where  the 
amount  of  precipitation  is  greater. 
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FIGURE  6.  Recharge  Areas,  Rose  Valley  Groundwaters. 
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FIGURE  7.  Recharge  Area,  Red  Hill  to  Brown  Road  Groundwaters. 
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FIGURE  8.  Recharge  Areas,  Sulfate-Bearing  Groundwaters. 
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FIGURE  9.  Recharge  Area,  Navy  Wells. 
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TABLE  2.  Data  on  Navy  Wells  for  Which  Stable  Isotope  Analyses  of  Waters  Are 

Available. 


All  wells  were  rotary  drilled. 


WeU  No. 

Date 

drilled 

Diameter, 

in. 

Perforation 
depth,  ft 

15 

1944 

16 

446 

360-390 

405-420 

18B 

1965 

16 

800 

250-350 

490-580 

640-780 

27 

1960 

16 

803 

270-540 

550-625 

700-791 

29 

■ 

16 

800 

220-405 

450-620 

730-800 

B4  (23) 

16 

800 

100-200 

C(22) 

10 

200 

65-145 

Only  the  deuterium  data  are  applicable  to  the  Coso  thermal  waters,  because  thermal 

waters  exhibit  a  large  5^*0  shift.  The  deuterium  data  indicate  a  possible  Sierran  recharge 
area  from  just  south  of  Coso  Junction  to  Nine  Mile  Canyon  (Figure  10).  The  Coso 
geothermal  system  is  bounded  by  a  set  of  arcuate  fractures  (Austin  and  Durbin,  1985, 
page  37),  the  western  portion  of  which  extends  well  into  the  Sierra.  This  fracture  system 
could  indeed  be  the  plumbing  for  recharge  of  the  geothermal  system  from  the  Sierra.  The 
arcuate  fracture  system  is  bounded  on  ^e  south  by  the  Wilson  Canyon  fault  zone.  The 
deuterium  data  would  indicate  that  if  this  is  so,  the  southern  portion  of  the  arcuate  fracture 
system  would  be  taking  more  recharge  than  would  the  northern.  This  would  be  in 
agreement  with  the  interpretation  of  convective  flow  from  southwest  to  northeast  as 
postulated  by  Moore  and  others  (1989)  based  on  chemical  and  fluid  inclusion  data.  C.  F. 
Austin  has  noted  that  during  the  bought  of  the  1960s  the  South  Fork  of  the  Kern  River  at 
the  latitude  of  Little  Lake  disappeared  into  the  bedrock  (C.  F.  Austin,  personal 
communication,  10  April  1989).  Flow  resumed  to  the  south.  This  would  appear  to 
represent  a  major  infiltration  into  the  westerly  extension  of  the  Wilson  Canyon  fault  zone. 
The  Wilson  Canyon  fault  is  named  for  the  two  Wilson  Canyons  in  the  Argus  Range.  That 
fault  zone,  however,  goes  northwest  across  Coso  Basin,  the  lavas  at  the  south  end  of  the 
Coso  Range,  and  into  the  Sierra  where  it  is  the  south  boundary  of  the  arcuate  shear  zone 
(see  Austin  and  Durbin,  1985,  pages  54  and  56),  and  displaces  the  Sierra  Nevada  front  by 
7800  feet 

Buchanan  (1989)  feels  that  the  concept  of  modem  recharge  of  geothermal  systems  by 
high  elevation  precipitation  may  be  in  error  because  of  the  high  percolation  rates  required — 
meters  to  tens  of  meters  per  day.  He  proposes  a  "paleo-fluid  recharge"  by  waters  8000  to 
12,(X)0  years  old,  but  this  approach  ignores  the  repetitive  nature  of  pluvial/glacial  events 
and  is  inconsistent  with  the  pluvials  of  the  Coso  region  as  well  as  being  inconsistent  with 
the  high  hydrologic  gradient  of  140  feet  per  mile  (Erskine,  1990).  Buchanan  used  the 
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FIGURE  10.  Recharge  Area  for  Coso  Geothermal  Field  Based  on  5D. 
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paleoclimatic  data  of  Dansgaaid  and  others  (1969)  who — using  isotope  data  of  continuous 
core  from  the  Greenland  ice  cap — identified  a  transition  from  modem  isotopically  enriched 
low-elevation  water  to  paleo-isotopically  depleted  water  between  12,000  and  8000  years 
before  present.  However,  the  climatic  shifts  possible  may  not  be  fully  understo^  or 
applicable  to  the  Coso,  southern  Sierra  region.  Buchanan  concludes  that  nine  geothermal 
systems  in  Nevada  and  Utah  have  paleo-fluid  recharge.  He  attributes  the  source  of  the 
water  to  be  Pleistocene  lakes.  He  assumes  that  mountain  range  frontal  faults  are  the 
plumbing  for  the  water  into  the  geothermal  system,  based  on  the  models  of  Gilbert;  but  the 
fact  that  Coso  Geothermal  Field  sits  in  the  midst  of  a  mid-Pliocene  orogenic  zone  and  that 
the  positioning  of  the  Sierra  may  be  a  very  young  event  (Eardley,  1951),  may  sharply  alter 
this  concept.  In  the  past  10,000  years  there  have  been  at  least  four  glacial  periods  (see 
Table  1,  page  10,  Volume  1).  The  present  China  Lake  playa  system  has  had  many 
predecessors.  Lithographic  logs  of  a  Navy  well  drilled  near  the  Inyokem  substation 
indicate  at  least  three  shorelines  at  various  depths  (see  page  10  Volume  1).  The  Coso 
geothermal  brines  should  have  a  complex  of  pluvial  components.  Austin  and  Durbin  (1985) 
in  Coso:  Example  of  a  Complex  Geothermal  Reservoir  in  a  section  entitled  Effects  of 
Pluvial  Periods,  state  "As  a  result  of  the  various  pluvial  periods  of  the  past,  massive 
flooding  of  the  upper  portions  of  the  Coso  geothermal  system  and  the  attendant  periodic 
flushing  out  of  the  shallow  chemical  components  should  be  the  norm."  They  present 
convincing  evidence  that  the  site  of  recharge  during  the  pluvial  periods  would  be  Rose 
Valley. 

It  should  be  noted,  however,  that  even  during  pluvial  periods,  more  precipitation  will 
occur  at  higher  elevations.  Thus,  even  if  recharge  is  from  valley  lakes,  most  of  the  water 
will  originate  from  high-elevation  precipitation. 


SUMMARY  AND  CONCLUSIONS 

Stable  isotopes  of  hydrogen  and  oxygen  do  not  at  this  time  appear  to  uniquely 
identify  the  recharge  area  of  the  Coso  Geothermal  Field.  Recharge  could  be  from  the  Sierra 
or  could  be  locally  derived  from  the  high  desert  ranges;  and,  in  all  probability,  is  a 
combination  of  the  two.  It  should  be  remembered  that  the  high  plateaus  and  valleys  of  the 
Coso  and  Argus  Ranges  result  in  a  large  recharge  system  of  considerable  significance  even 
today.  There  also  could  be  both  migrating  and  static  bodies  of  waters  from  pluvial  periods, 
which  may  move  quite  erratically.  The  writer  feels  that  the  evidence  in  hand  shows  the 
largest  component  of  the  recharge  waters  to  be  derived  from  the  Sierra  southwest  of  the 
Coso  Geothermal  Field  for  the  following  reasons:  (1)  Recharge  from  the  Sierra  is 
concordant  with  stable  hydrogen  and  oxygen  data.  (2)  Appropriate  structures  are  present  to 
provide  the  plumbing  (the  Wilson  Canyon  fault  zone).  (3)  More  precipitation  will  occur  at 
higher  elevations,  nd  the  Coso  Geothermal  Field  appears  to  be  a  large-volume  system. 

If  one  assumes  from  structural  and  chemical  data  that  recharge  to  Rose  and  Indian 
Wells  Valleys  is  from  the  Sierra,  one  can  then  use  stable  isotope  data  to  predict  the  recharge 
areas  in  the  Sierra  for  the  various  water  types. 
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Appendix  H 

WATER  ANALYSES  OF  NAVY  WELLS 
(Locations  shown  on  Figure  9) 


This  appendix  consists  of  reports  of  the  chemical  analysis  of  water  taken  from  selected 
wells  located  at  NWC.  The  water  samples  were  taken  and  the  andyses  made  intermittently  between 
31  July  1978  and  6  May  1987.  The  repons  are  reproduced  here  as  is  to  avoid  recomposition  and 
proofreading  effort  and  expense. 
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ion:  Sample  18B  11/19/85  sample  collected  by:  David  Rittenhouse  of  B  C  Labs 


WATER  ANALYSIS 


CONSTITUENTS 

mg/liter 

DESIRABLE  LI?4ITAT10NS 

Calcium  (Ca) 

12. 

Magnesium  (Mg) 

2.4 

125. 

Sodium  (Na) 

59. 

350. 

Potassium  (K) 

2.S 

Carbonate  (C63) 

9.4 

25. 

Bicarbonate  (HCO3) 

120. 

250. 

Chloride  (Cl) 

19.8 

250  - 

500  (600  Short  term) 

Sulfate  (SOa) 

Nitrate  (NO3) 

27, 

6.2 

250  - 

500  (600  short  term) 
45. 

Fluoride  (F) 

0.75 

1.0 

Iron  (Fe) 

(-)  0.05 

0.3 

Manganese  (Mn) 

(-)  0.01 

0.05 

Arsenic  (As) 

0.01 

0.0= 

Copper  (Cu) 

(-)  0.01 

1.0 

Zinc  (Zn) 

(-)  0.01 

5.0 

MBAS 

{-)  0.1 

0.5 

Hardness  as  CaC03 

39.9  (2.3gr/gal) 

200  ppm  medium  hard. 

50-100  ppm 

Total  Solids 

215. 

500  - 

1000  (1500 

short  term) 

pH 

8.3 

Electrical  Conductivity 
Hicromhos/cm  (K  x  10®)  9  25®C 

340. 

900  - 

1600  (2200 

short  term) 

Color 

1. 

15 

Odor 

no  obseirved  odor 

3.0 

Turbidi ty 

0.24 

5.0  NT  Units 

Barium  (Ba) 

(-)  0.5 

1.0 

Cadmium  (Cd) 

(-)  0.005 

0.010 

Chromium  (Cr) 

(-)  0.01 

0.05 

Lead  (Pb) 

(-)  0.01 

O.K 

Mercury  (Hg) 

(-)  0.0002 

0.0&2 

Se'ienium  (Se) 

(-)  0.005 

0.01 

Silver  (Aj) 

(-)  0.01 

0.05’ 

(,-J  teters  tc  less  :har.". 

By 

jrmgTTrr^ 
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NWC  TP  7019,  Supplement 


'"CMftlU  minimal  ANALVSi.  . 
I7ND  WISIOIV  11330  18 1; 


CnvwonmcnUl  CAyotnn^  (.itM'Alcry.  Wntern  Otw«f*on. 

N«vaI  Facililm  £nfiA«»rifi9  Command.  Saa  Oi«90.  Califucn*!  92132 


I  n  .niLY  19  70 


J?ub  Lie -Sprits 


T-aVp 


T>ie  foMowinf  is  a  report  of  a  complete  ir.ineral  anjtvus  of  water 
sow«ci  o* 


Well  22 


l*  May  1979  May,  June  19  79 

Staff 

i 

pom  (  epm 

ppm 

cpm 

c*LOu«,c,  :  3g  1 

CAfiBONATE  ICO}! 

-GN».u«,-„  ,  26  1  2  ^6 

1 

BICARBONATE  iHCOjI 

312 

5.12 

i  160  6.95 

MVOROX'OE  (OMl 

KITASSIUUtKI  j  2 

0.34 

SULPHATE  (S0«) 

138 

2.88 

CHLORIDE  (Ol 

109 

3.07 

NITRAirtBOJT-N 

<1 

SUM  OF  CQUIVAiCNTS 

11.37 

SUM  OF  equivalents 

11.07 

ppm 

RESULTS 

total  HAAOMeSSteOCrj/ 

204 

ULtCAim  SK>2t 

42 

CALDUM  HAAONESSfaiGfOj/ 

96 

^Luomoc  in 

1.0 

MAGNESIUM  HAHONESSte  OCD^; 

108 

BORON /«/ 

2.7 

AHENOLPHTMALilM  ALKALINITT  (at  CtCOjI 

0 

0.016 

methyl  OHaNCC  alkalinity /a  aCOfi 

256 

total 

0.002 

total  dissolved  solids 

728 

TOTAL 

0.016 

SPECIFIC  CONDUCTIVITY^iNvvoinMn  #  :rO 

1040 

synthetic  detergents MPPAXf^TAtS; 

0.04 

MYDNOGEN  ION  OONCEMTM ATION  /pff  f 

7.81 

»«osi-«*Ttfro„ 

0.05 

_ 

^90505-12 

10 
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NWC  TP  7019,  Supplement 


OOM^LETE  mineral  analysis  of  WAlcR 

mo  RUT 01 V 1  luwii  Q  m 


Enwonmanial  Laterttory.  Waanrw  CMviuot,. 

Naval  Faeititiai  Cfifmaaraif  Ctffimiand.  San  0«afo,Calffom«af2t32 


Naval  Weapons  Center,  China  Lhke 


The  following  a  a  rcpon  of  a  complete  mineni  anaJytts  of  waier 


OATf 

2A  APRIL  1980 


tounci  o* 

Well  #22 


a«ra  samol.!  cokkacrao 


29  MAR  80 


OATC  aA«0»Ct  AMAkvaiO 

29  MAR  80 


AlOAL  TfT 

Staff 


CARtONATE  ICOj) 


•ICAASONATE  INCO)! 

317 

MVWOXIW  lOMV 

SULFHATE  tSOal 

139 

CHLOAIOC  lO) 

148 

MlTRATIMejl 

n 

<1 

WMOF  COMVALIMn 


total  narones  oay 


CALaUM  MARONES  fa  GOy 


MAfiMtSIUW  HARDNESS  Im  CXO}! 


RHEHOLRNTMALEIN  ALKALNHTVtoOOOy 


MCTMVL  ORANGE  ALKALMHTY/a  OCOj) 


total  DISSOLVEO  SOUOS 


ytoFiccoNoucTivmrfWTiHUiOzro 


NYDROCEN-ION  CONCENTRATION  ifHI 


«lJCAfaSfD7>  TOTAL 


FLUORIOEr/y 


wo*amin 


mimfFti  TOTAL 


MANCANBE  imti  TOTAL 


COFFER  WrOTAL 


synthetic  OETERGENTS/AFFAR£Nr<UO/ 


FHOBHATiwy  TOTAL 


12.27 


RESULTS 


45 


.9 


2. 


0.12 


0.009 


0.03 


0.06 


0.10 


NWC  TP  7019,  Supplement 


(M>w«Mnwni*l  UbwMory.  SeuihMtt  EmoaMnMUl  Sactwn  ICod*  1I4II.  WnMm  Omu 

N«mI  racitilm  f  ntmMfm*  Cs<nm«nd;  1220  OacilK  San  0«tB.  CattlenM  02132 


Naval  Weapons  Center,  China  Lake 


Ika  WMa«  ■  a  Rport  of  a  compicic  iMWTsI  aMtytii  of  *aitr:  Water . . . 


2  SEPT  1982 


Hell  #22  (C  -  Range) 


C»Ct.fCT«Q 

19  JUL  1982 


•AT«  *««AkVltO 


NWC  TP  7019,  Supplement 


LAl>pr«torv  Name 


Cat)  SantpM  lo  Numbar 


Sifffutun  Lab  Director / 


msiL 


•  250-500-«00 


••  900-1600-2200 


•••  600-1000-1S00 


HS  (JSl  (ll/**) 


Enclosure  Ml 
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NWC  TP  7019,  Supplement 


P»9e  2  of  2 


U  5  Ccj^(^  UrtjLf  i  2-  ^kuCs 


THE  FOLLOWING  CONSTITUENTS  ARE  REPORTED  IN  UG/L 


Constituent 


Storet  Code 


Analyses  Results 


Arsenic  (As) 


Barium  (Ba) 


Cadmium  (Cd 


Chromium  (Total  Crl 


C 


Iron  (Fe 


Lead  (Pb)  _ 


Manganese  (Mnl 


Mercurv  (He 


Selenium  (Sel 


Silver  (Ag)  _ 


Zirtc  (Zn)  _ 


ORGANIC  CHEMICALS 


Endrin 


Lindane 


Mettwxydilor 


Toxa 


2. 4-0 


2. 4,  5-TP  Silvex 


ORGANIC  Anal 


ADDITIONAL  ANALYSES 


Field  Turbidi 


Source  Temperature 


Largeliar  Index  Source  Tern 


Lanoelier  Index  at60  C 


Field  oH 


Aggressiveness  Index 


Silica 


hate 


Iodide 


Sodium  Absorption  Ratio 


Asbestos 


»s  Secondary  Drinking  Water  Standards 


NWC  TP  7019,  Supplement 


£••»•<  I  L  <  T  V.  •  .s  I  I  n  0  •  •  ■  v>on, 

f  *c  I  n;.n,^nrt9  l«i*n  O'C^O  C<:)l  itui »(«  92 1 3?  |  12  S  C  p  7S 

to 

NAWTNSCFN  CIHNA  l./^KE 


Thr  follotkH  f  t\  »  irpon  ol  4  foinpliif  nmrrjl  jnaK’jj’*  t>f  «alcr 

_ Well  Water 

VOw«Ci  O* 


Well  /‘23 


0**l  CDi.ilCtiO 

31  Jul  78 

OaTi 

31  Jul  78 

W.  Kester /P.  Ma 

Oom 

1 

1  tpm 

1 

ppm 

epm 

calcium  ICjI 

57.6 

2.88 

1  CAfiaoNAiE  tco^) 

MAG^(SiUM  iMfl 

14.6 

1.20 

tUCAASONATC  jMCOjI 

181 

2.96 

SODIUM  IRUI 

109 

4:73 

HVOaCxiOE  lOHI 

potassium  (K) 

HIH 

0.08 

•  S'JL?HAT£ 

* 

180 

3.75' 

CHLC.«lOt  iCi* 

71 

2.00 

MITAATE  jg 

0.32 

0.02 

SUM  Of  eOUIVAKNTS 

8.89 

SUV  Of  EOUIVALIWTS 

8.73 

ppm 

results 

total  HAnO<4ES»lOCoj/ 

204 

j  SILICA 

28 

CAICIJM  MAAONESSKlCtCpjL' 

144 

fLuOAioerf/ 

0.88 

MAGNCSIUV  HAAONESS/0  OOOj/ 

60 

BOnOH  f$i 

0.2 

PHCNOLTHTHALEIN  Al  KALINITY  /<,  CtCOj' 

0 

tnoHfFtf 

Total 

0.438 

methyl  OAANCE  ALAALINITYfAf  CiCOj/ 

148 

MANCAMCSC  rjfs/ 

Total 

■H 

total  OISSOIVEDSOLIDS 

630 

COFfintCmf 

_ Total 

0.006 _ 

SPECIFIC  COHDOCTIWITT  tMmmltoi  f  'J'O 

900 

$VMTH£1tC  0tltAGiNTSM/TAl«f\T4aS/ 

0.022 

HVOMOCCN  ION  CONCCNTAATtON  tpHi 

l.UU 

PHOSPHATE  .PO«- 

Total 

0.17 _ 

MtwAacI 


*  Recorded  result  of  Sulfate  (SO^)  based  on  the  previous  results;  insufficient  sample 
for  further  test. 


NWC  TP  7019,  Supplement 


Naval  Wc.ipons  Center,  Ctiir.a  Late 


Tht  Ii'IImv*  .  j-  's  j  ‘epM*  ?  j  » k.mple  »!•  mu**  ijt  ©1  iii  t  1  ^  ^  T* 


M>v.  ■(  I  '-J'  V*M'  .  I 

Well  p23  {B-^  Ranac)  ^ 


total  MAAONCSS/a  C^ujf 


CALCIUM  HAf|DNCSS/«  OCojl 


MACffCSlUM  NARONCSS/*  CaCOjf 


fMiNOLfHTHAtClN  ALKALINITY /«i  CsCO j/ 


MfTMVL  orange  ALKALINITV/m  C^CVjf 


TOTAL IWSOtVCOSOLlOS  Q^^y^^etriC 


SPCClElC  CONDUCTIVITY  ¥  TrCt 


NVOROGCN  ION  concentration 


Temperture  °F 


PHS 


riuoniDt/F/ 


! - 

inoniFtt 

Total 

MANCANCSE  /!Hmi 

Total 

comnicrnf 

Total 

fYNTHETiC  DCTERCENTSMmiR^TAAS; 

FmOSTmaTI /W,; 

Total 

lier  Index 


Ryzner  Index 


39 


0.89 


0.71 


0.15 


0.06 


0.01 


0.041 


0.05 


-0.07 


7.50 


E 


"?07l’6^lt* 

8 
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NWC  TP  7019,  Supplement 


OOMfLETE  MINERAL  ANALYSIS  Of  WATER 
UNO  WESTDI V  I  tnV  II  (7  7n 


CmwwmKWttt  Enpn— rini  Ljborvtpry,  DrviMon. 

Naval  FaciMiaf  Cnfinaaratf  Cowwwand.  San  Oiafo,  California  S2t32 


OATt 

24  APRIL  1980 


The  fotlowtni  u  a  report  of  a  compleie  im/tera)  analyns  of  water 


Mwnci  or  vamvii 


TOTAL  HAMONCS  ChOy 


CALOUM  HAAONCSSf«<>Cby 


MAQNCSIUM  MAAONCSSfaOGOj; 


MCNOL^MTNAltlN  ALKALMITY/sOCDy 


IKTNVL  ONAMQC  ALKALIMITV/orOtfDy 


TOTAL  OfSSOLVCO  tOUOS 


vcoFic coNoucnvtTVfiaL  ti  An^rra 


MTDAOOf  N-ION  OOaCtNTIIATlON 


VUCAImSOj)  total 


ELUORlOCm 


■ORONW 


IR0N7A;  total 


HAMCAMEKfJI.;  total 


COWER  fOi/TOTAL 


SYNTHETIC  0CrER«NTS/4IW4*EVrw«*S; 


rhomhatew,^  total 


NWC  TP  7019,  Supplement 


TITLE  22  CHEMICAL  ANALYSES 


04t«  Of  Report 


5--  /3-  <r7 


l^b  Semple  id  Numbei 


tie  ID  Number 

nTo! 


I^boretory  Neme 


Slfoeture  Leb  Director 


eb  Director  / 


Nome  of  Sempier  .  . 

ifnur  _ Eera  /Ai^n 


Sampler  Employed  By 

— VsJeamn.'*-,  CfrA:e.r 


Oete/TIme  Sample  Collected 

"Slrsinlpn  oq(^^  W«s 


Oate/Time  Sample  Receiyed  at  Lab. 


I  HoMln«  Time*  Obeeryed? 


Syetem  Name 


// 5  K'ai.'al  h^pgpd^t  Ce/r/fr 

Oescrlptler>  of  Samplint  Romt  1 


System  Number 

IS' 763 


\^f'Se  Vb  l\r>\p 


Name/Number  of  Sample  Source  | 

Pon/iP  /W^h  “it-  Z3 _ 

station  t 

1 

ilumber 

1  1  1  1  1  1  1  1  1  1  1  1  1 

Date  ertd  Tl^te  of^amp4e 

1  ^1  7i  oii^i 0  1  ^lO i7i 1  0i 

W«Mr  Typ« 

1 _ 1 

e/s 

user  1C 

1 _ L 

> 

_J _ i 

Suomltttd  to  SWQIS  By 

VVMMDOTT  TT 

MCL  Roporting  Uniti 

CorathiMiit 

T 

T 

StoretCoda 

Analyses  Results 

Anaivzina  Aotnev  (Laboratory) 

28 

1  1  1  1  1 

mg/L 

Total  Hardness  (as  CaC03) 

800 

.  .  .  ¥•.  S' 

mg/L 

Calcium  (Ca) 

916 

1  1  1  1  / 1  ..5 

mg/L 

Magnesium  (Mg) 

927 

till 

mg/L 

Sodium  (Na) 

929 

1  1  1  1  / 1  ^ 

mg/L 

Potassium  (K) 

937 

1  1  I  1  1  ^ 

Toul  Cations  meq/L  Value; 

■ 

mg/L 

Total  Alkalinity  (at  CaC03) 

410 

1  1  1  1  7  id 

mg/L 

Hydroxide  (OH) 

71830 

1  1  1  1  lO 

mg/L 

Carbonate  (C03) 

445 

1  1  I  1  id 

mg/L 

Bicai-bonate  (HC03) 

440 

1  ^.S' 

*  mg/L 

Sulfate  (S04) 

945 

1  1  1  1  1  3 

*  mg/L 

Chloride  (O) 

940 

45  mg/L 

Nitrate  (N03) 

71850 

^  1  1  1  / 1  *  lO 

1.4-^4  mg/L 

Fluoride  (F)  Temp.  Depend. 

951 

_ ! _ 1 _ L _ 1  Q  1 _ *  1  / 

1  Total  Anions  meq/L  Value: 

Std  Units 

pH  (Laboratory) 

<03  !  .  .  .  7.  r  n 

**  umho/cm  ♦ 

Specific  Cortductanoe  (E.C.) 

_ 05 _ ^ ^ ^  ^  -7i3 

•••  mg/L  ♦ 

Total  Ftttarable  Rmidue 

atioo'caos) 

^5300  ^  ;  ;  1  /  1 

UNITS 

Apparent  Color  (Unfiltcrtd) 

81  _ 1  •  ^ 

TON 

Odor  Threshold  at  60*  C 

86 

^  1  1  1  1  1  / 

NTU 

(jb  Turbiditv 

82079 

1  1  1  6  1  *  1 

O.S  mg/L  + 

MBAS 

38260 

1  1  1  • _ 1  d  iS' 

*  2S0-S00-600  **  900-1600-2200  500-1000-1600 


oICj^S'x/^ 

Enclosure  (3) 
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NWC  TP  7019,  Supplement 


Pa^f  2  ot  2 


SYSTEM  NAME  AND  NUMBER 


•  THE  FOLtOWlNG  CONSTITUENTS  ARE  REPORTED  IN  UG/L  ' 


N'CL  Reporting  Units 


Constituent 


Stores  Code 


Arsenic  (As) 


Barium  (6a) 


Cadmium  (Cd 


Chromium  (Total  Cr 


Cooper  (Cul 


Iron  (Pel 


Lead  (Pb 


Manganese  (Mn) 


Mercury  (Hq) 


Selenium  (Se) _ 


Silver  (Ag) 


Zinc  (Zn 


I  Endrin 


Litxlarre 


Methoxyc^ior 


Toxa 


2. 4.  B-TP  Silvex 


Date  ORGANIC  Analytes  Completed 


39390 


39340 


- 39480 


ADDITIONAL  ANALYSES 


*  indicates  Secondary  Drinking  Water  Standards 


NWC  TP  7019,  Supplement 


E  n«*«t>nment«l  f  I  .<fu>f4lr>rv  Artt^fn  0>w<iion. 

f  »  t  Com-riind  ^40  D^rjo  C*»  toffm  9213? 


J.2  Se_p_7_8  _ 


NA\^vTNSCF.N  CHINA.  LAKE_^ 


Tlie  fuJlo«in;i  •»  j  lepofi  of  >  »ompleir  mmirj!  of  'fciier 


Well  Water 


VOWACI  O* 


We.U_£2I _ 

0*t(  COwktCTIo 


I  0*1  (  *«4*k  «  f  ic 


NWC  TP  7019,  Supplement 


COV^Lk  Ik  »i 

WHO  1^:ST0)V  in)0  II  i?  >1) 


CnvMonmmiat  Ewgw*— 1*09  LAbor^tory.  Wreticin  Oivitton. 

NjvaI  Fftciiitict  Enfin«erift9  Command  Sjn  Otcyo.  Cabfofna  9213? 


Public  Works  Office,  Naval  Weapons  Station,  China  Lake 


Thr  fo4lo« inf  1$  1  report  of  »  compleir  miners]  jnj>\ of  water  Well  W3 1 6 r 


%OU«C(  C  '  •w'Vl 


J _ n  JULY  1979 


Well  27 


4  Kay  1979_ jMay,  June  19  79_ j  Staff 


ppm  epm 

1  j  ppm 

cpm 

CALCIUM  <ui  1  2.96 

CAABONATE  (C03l 

MAGNESIUM  rMfl 

12  '  0.96 

BICAABONATE  IHCO3I 

63 

1.04 

SODIUM  (1«il 

1 

65  1  2.83 

HYDAOXIOE  lOH) 

K3TASSIUM  (Kl 

1 

2.5  i  0.06 

SULFHATE  (SO4) 

84 

1.75 

1 

i 

CHLOFiOi  101 

lz2 

3.44 

i 

1 

NITAATE 

<1 

- 

1 

1 

t 

SUM  OF  (QUIVALENTS 

6,71 

SUM  OF  EOUIVAUWTS 

6.23 

ppm 

RESULTS 

total  MA AONCSS  fm  OC9 jj 

196 

SILICA /«  bOjy 

32 

CALQUM  C»G» j/ 

148 

FLUOAIO€/r/ 

0.72 

MAGMCSfUH  MAHuHtSSfmCtCOj/ 

48 

tOWHfB/ 

0.36 

MfCMOI^MTHALEIN  ALKALIMirV/MOCDj/ 

0 

itxmtFti  total 

0.553 

MCTMVI.  OOAHCE  ALKALIHITV  In  CtCOjI 

52 

HANCANESE^M./  total 

0.003 

total  OfSSOLVCO  SOLIDS 

490 

aif*tniCMi  total 

0.011 

9SOFIC  CONDUCTIVITY  flfcf*p>wApi «  25“  Ci 

700 

SVNTMETiC  DCKRGENTS  fAfB4B£S7AKi 

*  . 

MVDNOGEN-ION  CX)NCEHTAATI0N  ifHl 

7.75 

phosamatew«i  total 

<0.03 

*  Insufficient  sample  to  run  the  test 


f  90505-12 

2. 
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NWC  TP  7019,  Supplement 


COMPLETE  MINEHAl  ANALYSIS  OF  WATER 
UNO  WESTOIV  I  tlWII  U  111 


EMnramnannI  Emwmn  LAbomory.  Wlwii  OiraMti. 

Nim  FaeOiM  Enrn«WAW  Command,  San  OMfo.  CalilonMA  <2132 


Haval^ Weapons  Center.  China  Lake 


Th«  foUowing  a  i  repori  of  »  complete  minenit  analyus  of  water 


aoonce  oe  EAMeci 


Well 


OAta 

24  APRIL  1980 


ttATf  •AMTt.l  ODkLtCrtO 

29  MAR  80 

29  MAR  80 

Staff 

ppm 

«pm 

ppm 

vm 

CALOUM  fc«i 

63 

3.15 

CANSONATC  IC03I 

MAGM€SiUM  |M|| 

7 

0.60 

•iCAftftONATE  (HCO3I 

73 

1.20 

SODIUM  lIMt 

64 

2.78 

MVDftOxiOC  lOH) 

FOTASSIUM  IIU 

2.8 

0.07 

SULfHATt  ISO4) 

81 

1.69 

ALOWIDE  lO) 

- 

128 

3.61 

NITMATEMtO))  || 

<1 

- 

* 

SUM  Of  lounr AUNTS 

6.60 

•U 

MOPtouiVACim 

6.50 

POfn 

RESULTS 

total  NARONCSSfai  QCo  > 

185 

sucA,a>M>y  TOTAL 

32 

CAiCIUM  HAMONCSB OOy 

155 

rux)Riocrr; 

0.60 

MAGNESIUM  MAMWESSNi  Ciaiij/ 

30 

■OMONfjy 

1 - 

0.32 

MtMOLPMTHAUW  ALKALlMTTY  fm  OCVjf 

0 

1  TOTAL 

1  ? 

1  0.05 

MFIWYL  ORAMOE  ALKALMrryfmOCDy 

60 

total 

<0.001 

TOTAL  OMOLVeO  SOUOS 

518 

coffERfOii  total 

<0.01 

OTEOFIC  OONOUCTIvmr  fMon^Me  •ETC/ 

740 

SYNTMETIC  DCTf  ROENTSfAETAJICT.Er' 

0.03 

MYOROGE  iMON  CONCENTRATION  (0tlj 

8.07 

fMOlfMATi  wy  total 

0.047 

,  * 

#00318-16 


NWC  TP  7019,  Supplement 


'NU  ‘M  :  •  !)i  »'  I  l.lJ"  f  '■ 

t  t  <K}inrf»«Of7  t  o;o.  V  Sout»«*wr 

Njvit*  r  JCHitiCt  €n*3»»»<«»inq  1  1?20  P*c*i 


•  E  5w‘ci>o^  (C-aI(  1 14  1  J.  Di*»»ion, 

,C  S«n  C.ifilw«ni4  921T2 


SFP 


J282- 


_NWC  China  La^ke  _ ^  _ ^ 

Thv  U»iU>»nni:  *' J  *  [H'l;  t.i  j  vonipktc  mtrui  i!  jiuU  s»^  Of  ,  ,,  ,,  ^ 

_ _ Well  Water 


_We  1 1_  27 _ 

C-*»|  Ct>i*tC*»3  I  0**l  *»***.'.‘ti  *»*Av*4t 


7/27  7/27  -  8/31/82  ' 


{  opm  epm 

• 

ppm 

cpm 

- r — — - ’ 

calcium  'C»l  1  .  i  _  , 

59.2  '  2.86 

1  CAflAONATC  iC03( 

MACNfSiUM  |M«) 

6.1  ■  .50 

BiCAASOSATt  iHCDj* 

n.i 

1.20 

SODIUM  INjI 

1 

61  2.65 

HYDROXIDE  fOH> 

^TASSiUM  (Kl 

1 

2.68  '  0.07 

SULRHATE  iSO«) 

69 

1 .44 

chloride  (Oi 

132 

3.72 

NITRATE  INOjI 

-N 

0.9 

SUM  or  comvAUMTs 

6.08 

MMOT  EOUIVAl.tim 

6.36 

ppm 

RESULTS 

total  HAAONCSSra  CKujy 

168 

SILICA 

36 

CAiClUM  HAMONCSS/#!  OCo j! 

143 

fluoride /r; 

0.89 

MACNCSIUM  HaAOMCSS  Id  OCOjl 

25 

MonoHi$i 

0.30 

AHtNOLPHTHALEIN  ALKALIMITT /d  CrTOji 

0 

tmOHIFtl  ^  ^ 

total 

0.09 

MCTHYL  OAAMCE  ALAAUNirYi«sCX’<7^/ 

60 

MAMCANESE 

total 

0.02 

total  DISSOLVED  SOLIDS 

Gravimetric 

438 

COmR^Cny  ^  ^  , 

total 

O.Ql 

srtciTic  co*ioociiviTY(t(«»<M»Ar,»  :yc: 

720 

synthetic  DCTERCENTSMfr.4JU.NTAaTl 

0.040 

HVOAOCfM  lOM  COMCCNTAATiOM  Intll 

7.80 

FmOSTmaTE ^  ^ 

total 

<0.05 

Op 

Temoe nature 

— 

82-84 

tanglier  Index 

-0.08 

pHs 

GO 

GO 

Ryzner  Index  7.96 

•  t  V4l««k 


20716-14 
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TITLE  22  CHEMICAL  ANALYSES 


Data  of  Acoort 

May  1,  1987 

Lao  SamoM  JO  Numoar 

87741 

t-jooratory  Namt 

F6L  Environrental 

Nama  of  Samoiar 

Knut  Beruldsen  j 

Samotar  Empiq^ad  By  j 

Oata/Tima  Samoia  Coiiactao 

4/1/87  0900  Hrs. 

Oata/Tima  Samp»a  Aacaiwao  at  Lao. 

4/2/87 

wmm  Ho'Cina  Tlni««  Obtarvad? 

Syttam  Nama 

Naval  Weapons  Center,  China  Lake 

Syttam  Numbar 

15-703 

Ocicriptlon  of  SomoHn^  Point 


Hose  Bibb 


N4m«/NwmCMr  of  S«mp»«  Sourca 


Station  Numbar 


Wen  m _ _ _ _  '  I _ I _ 1 _ L  I  I _ ! _ I _ ^ _ L-  I  I  I  I 


Data  and  Tima  of  Samoia 

|8  |7  lO  |4  lO 

ll_ 

lO  lO  1 

SyOmIttaO  to  SWQIS  By 

V  V  M  M  O 

o 

T 

T 

T  T 

1  1 

BBB 

MCL  Rtpoiting  Units 

Conttftutm 

H 

Storat  Coda 

Aiulyses  Results 

28 

1  1  i  1  1 

mq/L 

Toul  Hardness  (as  CaC03) 

900 

.  .  .1,8.5 

fT-  L 

Calcium  (Ca) 

916 

1  1  1  1  6  1 

fTi.  L 

Magnesium  (Mg) 

927 

1  1  »  1  t  I 

mg/L 

Sodium  (Na) 

929 

1  1  1  I  6  1  4  1 

mg/L 

Potassium  (K) 

937 

_  1  >  1  J  4  1 

1  Total  Cations  meq/L  Value: 

mg/L 

Total  Alkalinitv  (.^  (^C03l 

410 

1  1  1  1  6  1  0 

rr.g/L 

Hydroxide  (OH) 

7183C 

1  1  1  1  1  0 

mg/L 

Cartx>nste  (C03) 

445 

1  .  1  .  .0 

mg/L 

Bicarbonate  (HC03) 

440 

,7.3 

*  mg/L  ♦ 

Sulfate  (S04) 

945 

1  1  1  R  •  0 

*  mg/L 

Chloride  (O) 

940 

)  1  1  1  1  3  1  6 

45  mg/L 

Nitrate  (N03) 

71850 

1  1  1  .  1  4 

1. 4-2.4  mg/L 

Fluoride  (F)  Temp.  Depend. 

951 

_ I _ •  _ 1 _ Q _ 1  , _ . _ Z _ 

Tout  Antons  meq/L  Value: 

1  Std  Lilts 

pH  (laboratory) 

403 

.  8  ,  .  1  i 

Specific  Conductance  (E.C.) 

_ 

95 

,  .  .7.8  Q  J 

•*•  mg/L  + 

Tout  Filterable  Residue 

at  180*  c  rros) 

70300 

1  1  1  3  t  9  1  3 

UNITS 

Apparent  Color  (Unfiltered) 

81 

^  !  1  1  1  J  5 

TON 

Odor  Threshold  at  60'  C 

86 

1  I  1  1  1  1 

NTU 

Lab  Turbidity 

82079 

<.1  1  1  0  I  .  1  5  1 

^^ESHBESTSBIDl 

MBAS 

38260 

<_  ,  ,  0  ...  O'  1  5  ! 

•  250-500-600  ••  900-1600-2200  500-1000-1500 


OHS  *351  (11/aci 
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SYSTEM  NAME  AND  NUMBER  Weapons  Cef^ter,  China  Lake 


87741 


*  THE  FOLLOWING  CONSTITUENTS  ARE  REPORTED  IN  UG/L  * 


MCL  Reporting  Units 


Conitituent 


Arsenic  I  As) _ 


Barium  (BaJ 


Cadmium  (Cd) 


Chromium  (Total  Cr) 


Irrn(Fe)  _ 


Lead  (Pb)  _ 


Mangartese  (Mn) _ 


Mercury  (Hg) 


Selenium  (Se) 


indicates  Secondary  Drinking  Water  Standards 

Gross  Alpha,  pCi/liter  less  than  1  ±  1.4 
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i?%ov.t3:cA  p::: 

Cowircf'oenti’  £n5.n#*f»ng  Ht>ora!ory.  Western  Di«>s>oo. 

Kj\a>  Fic>lii<et  Engineering  Commarxj.  San  Oicgo.  California  9213? 


i  ’.3  JULY  19  79 


■  Piih  Uc-lLor 


val  Wpp-nfns  Center.  China  Lake 


The  follow  me  rt  a  rerori  of  a  complete  mineral  analc  ms  of  water  ^  Water 


*  Insufficient  snnrple  to  run  test 


t?90505-12 
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CUMPL£T£  mineral  ANALYSIS  OF  f  R 
I2NDWEST0IV  n]3a'll(2  7il 


24  APRIL  1980 


Naval  Weapons  Center.  China  Lake 


The  foNowine  is  *  report  of  a  complete  mineral  analysis  of  water 

_ WELL 


Ertvironmenul  En9m«crtno  Laboratofy.  Western  Oivnton. 

N.  odl  focilittot  engineering  Commend.  San  Diego.  Celilomia  92132 


MeII  029 


AXALTlt  • 

sr-ff 

ppm 

cpm 

ppm 

epm 

CALCIUM  ICe) 

0*7 

mm 

CARBONATE  ICO3I 

MAGNESIUM  (Mgt 

3 

BICARBONATE  IHCO}) 

88 

1.44 

SODIUM  me) 

42 

1.82 

HYOROXIOC  (ON) 

eOTASStUM  tK) 

3.6 

0.09 

SULPHATE  CSO4) 

^m 

0.79 

1 

CHLORIDE  tat 

36 

1.01 

NITRATE  MGgl  ^ 

<1 

-- 

lUMO^  COUIVAUim 

mm 

SUM  Of  EDiRVAUNTS 

3.24 

ppm 

. 

RESULTS 

TOTAL  NARONCSS/«CeCbj/ 

67 

t»i.KAtma03J  total 

25 

CALOUH  MAAONCSS/esOO^ 

55 

FLUORIOCFAF  __ 

0.74 

MAGNESIUM  HAAONESS/0  CtCOjf 

12 

BORON  fPy 

0.25 

fNCNOLfHTNALCIN  ALKAUMlTY/mOaff/ 

0 

imoHtfr/  tCT.tL  "" 

0.24 

MCTNVL  OAANGC  ALKALINITY  f«l  OCDj/ 

72 

MAWCAWtSI  IH,f  total 

0.056 

total  dissolved  solids 

287 

oorrtnfoii  TOTAL 

<0.01 

spcaric  coNOucTivirv/MoMiNH  o 

410 

SVNTNE  TTC  DCTC  RGE  N 1 « ,  ^>U£Vr  AMSf 

0.05 

KYDAOGCNJON  CONCENTNATION  fpHi 

8.20 

RMosTHATi  ir04)  total 

0.09 

Mwnnee 
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.ME  AND  NUMBER  ^  C  L 

•  THE  FOLLOWING  CONSTITUENTS  ARE  REPORTED 


P«ge  2  of  2 

V/ic.^trzJ’ 

ARE  REPORTED  IN  UG/L  * 


xirting  Unm 


Conitituant 


Storat  Code 


Arsenic  (As) 


Barium  (6a 


Cadmium  (Cd 


Chromium  (Total  Cr 


Iron  (Fe 


Lead 


Manca''ete  (Mn) 


Mercu 


Selenium  (Sa 


Silver  (Ag) 


7inc  (Zn) 


ORGANIC  CHEMICALS 


AOOmONAL  ANALYSES 


*  indicates  Secondary  Drinking  Water  Staridards 
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Sutlon  Number 

I  I  I  I  I  I  I 


Submltttd  to  SWQIS  By 


MCL  Rtporting  Uniti 


ContthuMit 


Toul  Citiom 


Total  Aniom 


Std  Units 


mg/L 


UNITS 


TON 


Analyzing  Agtncy  (Laborat 


Total  Hardness  (as  CaC03l 


Calcium  (Cal 


I  Magnesium  (Mg) 


Sodium  (Na) 


Potassium  (K) 


meq/L  Value: 


Total  Alkalinitv  (as  CaC03) 


Hydroxide  (OH) 


Carbortate  (C03) 


Bicarbonata  (HC03) 


Sutfata(S04) 


Chlonda(a) 


Nitrate  (N03) 


Fluoride  (F)  Temp.  Depend. 


Value: 


pH  (laboratory) 


Spedfic  Conductance  (E.C.) 


Total  Filterable  Residue 

at  180*  c  rros) 


Apparent  Color  (Unfiltered) 


Odor  Threshold  at 


b  Turbid' 


MBAS 


StoretCode 


Analyses  Results 


2S0-500-B00 


••  900-1600-2200 


•••  500-1000- 1500 


OHS  asst  ni/ss) 


Enclosure  (2) 
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